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and if the origin of the parent sound impulse is nearly in line with the row of pickets, then the distance between the sound impulses, or wave length Z, due to any few successive pickets, is given by the equation
I = s(l + cos 0)
in which 0 is the angle, at the pickets in question, between the origin and observer.
An observer, therefore, at the source, which, as above explained, is beyond the row of pickets and a little to one side, hears a distinctly musical echo of each sharp sound pulse; since at his place the value of cos B is very nearly the same, unity, for all the pickets, and, hence, the pitch substantially constant. If, however, the observer is off from the middle of a long straight row of palings, and the source of the impulse is located as before, cos 6 will vary from nearly -1 to nearly +1, and the echo heard sweep down from the inaudible through a considerable range of the shriller notes.
SOUND REFRACTION
Sound Refraction in Still Air of Uniform Temperature.—The direction of propagation of sound is abruptly changed whenever it passes obliquely from one to another mass of air at the same pressure Vmf. ^ different density.    This is owing to the fact that the velocity • on the density, as above explained:
If both masses are quiet and equally humid, the velocity of propagation is inversely proportional to the square root of the density. If then i is the angle of incidence in the air whose density is p and r the angle of refraction in the air whose density is p', the change in direction, as indicated in Fig. 147, is the difference between i and the corresponding value of r as given by the equation
if-     •
The laws of refraction in this case are identical with those of light, namely:
1.   The normal, at any point of'the refracting surface and the directions of incidence and of refraction at the foot of this normal all lie in a common plane.
2.   The sine  of the angle of refraction (angle between the direction of refraction and the normal to the surface at the point of refraction) is to the sine of the angle   of incidence as the velocity in the refracting medium is to the velocity in the incident medium; or, inversely, as the square roots of the densities of the respective media, or, directly, as the square roots of their absolute temperatures.
Spread of Sound.—Since the velocity of sound in an atmosphere of homogeneous composition is, as previously explained, directly proportional to the square root of the absolute temperature, and since the atmos-
sin r =   sin i

